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Description 

This .nvention relates to catalyst ^J 8 ^*!^ 

The catalyst can be used in an improved P^««J r Jjg ^"jSy^Sns produced so as to obtain 
5 method of controlling the molecular ^^f^^^J^Sl The invention particularly relates 

«p^ 

,o molecular weight polyolefins of ^ The molecular weight control 

addition of controlled amounts of h drogen to the 5 ^ We ^tyst system comprising the 

r« B r«5^ ta Kt."^ss» pt,se» » — °< a—- 

product viscosity. m ^ii„«wim such aa bis(cydopentadienyl) titanium or nrconium 

a alkvl. en aluminum trtalkyl ^»^J n ±S. pmcoss for prepadn 8 ethylene snd atsetlc propylene 
European Potent Appln. ^ ^ ffi ?"^?„^S system of (11 cyolopentodlonyl compound of the 

30 %™^^C^^ ~ a ^ a,ky ' or meta,, ° 

a, ^e^^^ the po.ym.rizat.or .P = empM n « «» h0m ° flena ° U9 ~»* 

syste^ . ! also hydrogen sensitive for ^^rmoUTSaWst system, is the.r extremely high 

An advantage of the <* d °P en *;?*^ 
activity for ethylene polymerization. ^^SSSS^S^ terminal unsaturation is present in 
in the^ presence of conventional het ?;°9^°^ 

polymere produced in the presence of these ho^ sInce *e terminal 

htrioJ™ 

the olefin polymers. . relative | V | 0 w molecular weight polymer products are obtained 

« «*£. l4h Poly"-"^""*^^^^ ^«""^ g ^ hi ? h c S2 

operating costs and doereoslng ostatytlc ••«■ _ ^, leh „„, p. ^n, employed to 

P It would bo highly doslrabte » prouWe polymeri=tion tompereturos and to be 

" ^SSPSttX^^^^ "°« uo «— re!0rtlns w Kmp "" ure 

-riff.-. ^jffiKzasrW; ssrrrsnfs 

unsaturation. m „, 4 , cu i ar weight of polymer product can be controlled by the lupous 

to molecular weight and density. no , vmBriZa tlon of ethylene and alpha-olefins to polyethylene 

SSS3S rpo^Sr^ottd^dl^™. o. . Group Ob. Sb end 6b moral ., - 
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Company's Handbook of Chemistry JSJSSm s hydrogen or a hydrocarbyl radical such as 

5 <*clopentadienyl.eechR^ 

alkyl, alkenyl, aryl, alkylaryl. or arylalkyl adica A ^'"S , dj , M germanium 0 r silicone, or a 

joined together to form a «^l"CrJ ?5J2qS ^hydrocarbon radical such as aryl, alkyl. 
alkyl phosphine or amine radical bridging ^f^«"" , 2 r 'X b o n atoms or halogen and can be the same or 
alkenyl, alkylaryl, or arylalkyl "dical haying from 1 to 20^ »rbon atoms J "J* . Qr2 provided that 

Whe ^n%rrn?til 8 eto ^U r ord , e^ned , Sa, 1 oc e nes one can use certain carbenes. These are the 
carbene represented by the formula 
15 Cp a Zr=CH 2 • P(C 6 H 5 )2CH, 



20 



25 



and its derivative of the formula 

Co ^rCH,CH(CH a )C H 2 

and the carbene represented by the formula 

CpJi=CH 2 • AI(CH a ) a CI 



and the derivatives of this carbene 

Cp 2 Ti=CH a -AI(CH a )„ (Cp 2 TiCH 2 ) 2 , 

30 Cp, TICH 2 CH(CH 3 )C H 2 , Cp a TI=CH a • AIR"' a CI. 

wherein Cp is a cyc.opentadieny. or substituted cyciopentadieny. radical, and R an a.kyi. ary. or 

35 metallocene or defined DrQC888 for Droducin g polyethylenes having molecular weight at 

The present invention also provides a process tor ^P™° u ^"» f y rth y, ene a | one or in the presence of 
relatively'high temperatures The process ^K^ee ttS^system described above, 
minor emounts of higher -alphaHoMns or d '° J ns j;; h J, e ™ se of derivat ives of the cyclopentadienyl ring 

• and/^^ 

polymerization of olefins, and Mf fa fS^JSSSXS^X^ P°'Y mere are ,ntended f ? r 
_ low density polyethylene (LLDPE) and tagh dens * P "JJJVJJ^, rotational moldin9 , 8 ndthe like. In 
45 fabrication into articles by extrusion, mjectiom moldmg, JJ^J^hyto^ and copolymers of ethylene with 

one metallocene or carbene aa ha™nbefore copolymer, psniculany comers of 

In accordance with this Jvenlton, cnecen too proouc. r mo i ecu ie. As indicated above, the 

^.*n^.en*pr.P^^ 
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form of a moist solvent. In an alternative method, the aluminum alley! such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises treeting e dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuS0 4 - 5H 2 0. The ratio of copper sulfate to aluminum trimethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction Is evidenced 

by the evolution of methane. . , 

The new metallocene compounds usefully employed In accordance with this invention are the mono, 
bi and tricyclopentadienyl or substituted cyclopentadienyl metel compounds. The metallocenes are 
to represented by the generel formule 

(C,R' m ) P R".(C,R' m )MeQ 3 - p , R".<C e R' m ) 2 MeQ' 

or a derivative thereof as specified above. . 
is Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene. 

Exemplery halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 

20 ' S Pr Exemp?ary of the alkyl'dene radicals is methylidene, ethylidene and propylene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-lim.ting 
examples of these metallocenes which can be usefully employed in accordance with this Invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
Ws(CpJTi(IV) compounds such as bts(indenyl)Ti diphenyl or dichloride, bls(methylcyclopentadienyl Tl 

25 diphenyl or dihalides and other dihalide complexes; dialkyl, trialkyl, tetre*lkyl I and pentt-a ky 

dienyl titanium compounds such as bis(1 ,2 - dimethylcyclopentadienyDTi diphenyl or dichloride. bislU - 
diethylcyclopentadienyim diphenyl or dichloride and other dihalide complexes; s.l.cone, phosph ne, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadlenyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadlenyl titanium diphenyl or dichloride, methylene- 

30 dicyclopentadienyl titanium diphenyl or dichloride. ethylene bis (4,5,6,7 - tetrahydroindenyl)titanium 
dichloride and other dihalide complexes. 

IHustrative but non-limiting examples of the zirconocenes which «n be usefully employed In 
accordance with this invention are pentamethylcyclopentadienyl zirconium ttichlonde, the alky substituted 
^OMntedienes,such as bis(ethy) cyclopentadienyl)zirconium dimethyl bls(B - phenylpropylcyclopenta- 

* fiSStoirium dimethyl, bis(methylcyclopentadienyl)zirconlum dimethyl, and dihal.de mvMM 
above di-alkyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as b 
dienyl zirconium dimethyl, bis(pentamethylcyclopentad enyOzlrconium dimethyl, b s(1.2 - dlmethy cyclo- 
pentadienyDzirconium dimethyl, bis(1,3 - diethylcyclopentadienyOz.rconium dimethyl end dihal.de 
Smplaxes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 
dUthylsilyldicyclopentadienyl zirconium dimethyl or dihalide and met ^^SS^SSST^ 
zirconium dimethyl or dihalide, end methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. = 
The solvents used in the preparation of the catalyst system are inert hydrocarbons. In particular a 

45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well 

example, isobutane. butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 

and ^ l | ne j fther contr(j| flnd refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results In higher polymer product 

so maknfot JJ'JBjJ^^ wfth tn , s , nV ention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter es with the prior art metallocene/ 
alumoxane catalyst The catalyst systems described herein, therefore, are suitable forthe polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 

55 pressures. For example, such temperatures may be in the range of -60X to 280°C end especially in the 
range of 50°C to 160°C. The pressures employed In the process of the present invention are those well 
known for. for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such es toluene and xylene In molar ratios of ebout 5x10-'M. However 

so greater or lesser amounts can be used. 

The soluble metallocenes csn be converted to supported heterogeneous catalysts by depositing sa d 
metallocenes on typical catalyst supports such as. for example, silica, alumina, and polyethylene. The soHd 
Crtalyste in combination with an alumoxane can be usefully employed in slurry end gas phase olefin 

55 ^'Tfte^pdymerization and deactivation of the catalyst, the product polymer can be recovered by 
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weight in the range of ^°^, ar l ° e j flht distribution) expressed as W *^"?Xiw «»n be obtained by 
St OWributtoi. <EP-*-1» 0461. „t™.™tonwP^otbeleo«*nP^in»e 

J , no a Water's Associates Model No. 

Examp '! 8 m „. es following the molecular weights were determined \or a wa ai880 , vlng polymer 
In the ex am Pl e8to "^„VhromatoaraphY). The measurements were nw« » c , JCB at 15 
15 0C GPC (Gel Permeation fJ^gfSffflfe^d. The GPC runs were P 8 *™ ^.Vg, Bme r Inc. 300 
samples in •^J^gJ^^'^n. of 9.4 mm Interna '^^^Ks monitored at 

parameters were obtained wnn a 

naphthylamine. was added to all samp.* fo || 0 wing manner: 

a, aminut. Intern*. w» 'Wid JOT"* » ™ ^,* k " »SStw..«i"«l 
maintained at 10ITC. "*£X^JiZn. Up«n eompleUop 0 £Xe .uTmoxene end » 



I t 'acket 

Example 1 (comparative) — MU | p ped «rlth an Incline '"■JdjJ'JS, "JJJgJiJJdJS^ii, 



« WOO »!•*•— — - 

* was^ed^^ 

directly into the pressure vessel. 10.0 cm « « , nlet and the m, ^"^f e ^ v drconium dichloride 
Z vessel by a gas Mj* ?SSf of nttrogen. 0.091 mg & vessel. After 1 

80X for 5 minutes at 0 P"» was injected through **%^™£T„ a9 maintained at 80°C. 

dissolved in 2.0 ml admitted and ^**™^Z££^ stopped by rapidly 

minute, ethylene at 60 p s. 51 6 3Q minutes at which time the JgJJ aig , w P of 140 ,000 with 

The ethylene was passed .nto p0 , yetny | e ne havmg a Wn of 39.500 

venting and cooling. !•»•<> 9 °' y , ' R 
a molecular weight distnbution of 3.5. 




directly into ine pressure ----- 
?neve>e.byagast S h syringe 



!SSe through the septum inlet and ^^J^o^^e^i) zircomum 
me™—-. - «JJBJJJ kp 9 a) 0 f nitrogen. 0.2101 mg WJJpJJ Septum inlet into the vessel 



EP 0129 368 B1 



^ bimpteV-e were performed es Exemple II except that 0.2 mg of metallocenes as listed in Table . II 
and 9.0 cm 9 alumoxane were employed giving an Al/Zr of 8x10 s . The results are summarized in Table II. 



TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 



Activity 





Example 


Catalyst* 


Mw 


Mn 


Mwn 

IVIVVU 


Vnln. h fltm 


10 


1 


Cp2ZrCI 2 


140,000 


39,500 


3.5 


252 




2 


(MeCp) 2 ZrCI 2 


212,000 


55,900 


3.8 


467 


15 


3 


(EtCp) 2 ZrCI 2 


171,000 


44,700 


3.8 


306 




4 


(B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 




5 


(Me s Cp) 2 ZrCI 2 


63,000 


13,200 


4.7 


71 


20 


•Al/Zr=24,000 
b -pp=phenyl propyl 










25 






TABLE II 










Example 


Catalyst* 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me 5 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCpl^rCIa 


184,000 


50,000 


3.7 


281 



«-AI/Zr=8,000 

The physical properties of a polyethylene are largely determined by the Polyrner mole «ularweight and 
40 the nolvmer density The previous examples have demonstrated that through the ligand effect, one can 

Hoand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition 
he coS o polyme? density in the following examples is demonstrated at ™«^ o f nd,t,on8 
indicating that density control Is mediated by ligand effects on the catalyst reactivity ratios. 

45 

^ffiir steTnffstSl oressure vessel, equipped with an incline blade stirrer, an external water jacket 
for m£ ^^SSSSSSa v2nt line, and a regulated supply of dry ethylene and n Uogen 
TortemperaiureuuMu w.,a k ni t r oa en flow 400 cm 3 of dry, degassed toluene was introduced 

so olrertly"?^^^ 

f-SVvassel I bv Z , oas Ttlaht svringe through the septum inlet and the mixture was stirred at 1,200 rprns 
ana 50* *fo 5 routes a 0 psfg 99 1 kPa) of nitrogen. 200 cm' of liquid propylene at 25^ was then added 

ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 pslg (1148 kPaj was 
65 admitted 2nd £e reXo .vessel I was maintained at 50-C. The ethylene was passed into the vessel for 30 
65 adm ittea an ° reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 

S^mer^ conta,ned 31 mo,e % P^**-. The 

density was 0.854 g/cm 3 at 23°C. 

50 Example 10 pressure vessel, equipped with an Incline blade stirrer, en external water jacket 

for iSSSSSSSSTSSS '"let and vent line, and a regulated supply of dry et hylene end ^nitrogen 
wL Zed and deoxygenated with a nitrogen flow. 400 cm s of dry. degessed toluene was Introduced 
XeSvTnto the oresVure vessel 10.0 cm s of alumoxane solution (0.8 moles in total aluminum) was Injected 

es ££ *££EZSl ^St^ringe Srough the septum inlet and the mixture was stirred at 1,200 rprns 
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density was 0.854 g/cm 3 at 23 C. 



10 



15 



^othvi in 10 ml of toleuene was in acted through tne 88 P™"' - ft0C yu et h V lene was passed into the 
S^ftKSL and the reaction ^^S^^'Iffi and cooling the reactor. 
5lISlS» «rh.ch contained 3.6 moie % 

30.5 g o P ^| t n/ y.*. 

Q 8 934 a/cm 3 at 23°C. 



. "Ta-*.— 

formula 

Cp 2 Zr=CH 2 P(C 6 H,) 2 CH, 

so and Its derivative of the formula 

CD, ZrCH 2 CH(CH 3 )C H, 

and the cerbene represented by the formula 
35 Cp2Ti=CH a -AI(CH,) 2 CI 

and the derivatives of this carbene 

CpJi-CH 2 -AUCH 3 ) 3 . (CpaTiCH^. 

40 

Cp ^CHiCWCH^ H,, Cp 4 Tl=CH 2 • AIR'" A 
(C,R'JpR".(C.R'«,)MeQ,- P or R".(C e R' m >2MeQ'. 



~a^sasrs»"»jgs^S 

havina from to 20 carbon atoms or halogen, ? "'^Tj^n 8 is 1 ; m Is 5 when s is 0; and that at 
o^e o or Id is 0 1 or 2; provided that s is 0 when p Is 0 , rn is £ wnem » ^ gn alumox8ne . 

feast one R Is a hydrocarbyl radical when s=0 end Q Is an a^ f „ methyl , Bthv , ? butyl 

2 Acatalyst according to claim 1 ** erel " titanium diphenyl. 

a A Mtalvst according to claim 1 wherein "WJlSltmS rirconium dichloride. bi 8 (ethyicyclo- 



65 



60 



dichloride. 
4 A pi 
& the presence 
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carbon atoms per molecule. 

Cp 2 Zr=CH 2 P(C 6 H 6 ) 2 CH 3 



10 



und sein Derivat der Formel 



Co ^rCH a CH(CH»)(? H 2 - 



und das Carben der Formel 
is Cp 2 TI=CH 2 Al(CH s ) 2 CI 

und die Derivate dieses Cartons 

CpiTl-OVAKCH,)* (Cp 2 TICH 2 ) 2 , 
C P , T.CH 2 CH(CH 2 )C H 2 , Cp 2 Ti=CH 2 - AIR'" 2 CI, 

(C6R(m)pR ...(C 9 R'JMeQ,.. oder R».(C.R'm) 2 MaQ' 



Halogenatom tat und (b) ein Alumoxan. oder ^ l8t 



w Kohlenstoffatomen pro MolekOI 1st. . 

""HI. - . - - - " — *" ~ °™' ' e ^ 

6S repr6sent6 par la formula 

Cp 2 Zr=CH 2 P(C 6 H B ) 2 CH 3 

et son d6riv6 de formula 
60 Cp g 2rCH 2 CH(CH 3 )C H 2 at 

le carbine repr6sent6 par la formula 

Cp 2 n=CH 2 -AUCH a ) 2 C1 

65 

8 
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et les d6riv6s de ce csrbene, 

Cp 2 Ti=CH 2 • AI(CH,) 3 , (Cp 2 TiCH 2 ) 2 . 

5 Cp 2 pCH 2 CH(CH 3 )C H 2 , Cp 2 Ti-CH 2 • A1R"' 2 CI. 

ou Cp est un radical cyclopentadienyle ou cyclopentadienyle substitue, et R'" est un radical alkyle. aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compost de formule 

w (C s R' B ,) p R".(C s R' m )MeQ s .p ou R".(C 6 R'J 2 MeQ', 

dans laquelle Me est un metaldu Groupe 4b, 5b et 6b, (C 6 R'm) est un radical ^lo^ntadWnyle ou 
cvcloDentadienyle substitu6, chacun des R' qui peuvent fttre identiques ou differents represents 
rSESSZ radSS alkyle, alcenyle. aryle, alkylaryle ou arylalkyle ayant 1 a 20 atomes , de wbone « 
Lien deux substituants R' forment ensemble un noyau condens6 en C 4 ft C„ R" es un radical a Wftne , e C, 
ft C un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(CsR' ) cSn 3 deTS qui peuvent etre identiques ou differents est un radical aryle, alkyle. alceny e. 
Karvle ou Xlalkyle ayant 1 ft 20 atomes de carbone ou un halogene, Q' est un radios alkyl dftne syant 1 
ftMatomee^deraKeTa la valeurOou 1,pa lavaleurO, 1 ou2; sous reserve que seoiUga ftOlorsquep 
esVeaalft 5S soft Igal ft 4 lorsque s est egal ft 1 ; que m soit egal ft 5 lorsque * est ftgal ft 0; et qu'au 
moins I un des R soft un radical hydrocarbyle lorsque s est egal ft 0 et Q est un radical alkyle ou un 

"iSAEr su^rrevendication 1. dens leque. p est egel ft 0, Q est ie ch.ore et R< est un redics. 

m T?attXr^uiva?tfa revendication 1 , dans lequel le compose (a) est le bMcyclopentadienyOtitane- 

diphenyS CS^^ '* ? ichl °™ '? "^^r'^nltSl 

Srconium le dichlorure de bis(ethylcyclopentadienyl)zirconium. le dichlorure de b.s<6 - P^ny propyl- 
wdoDentadiftnvllzirconium, le dichlorure de bis<pentamethylcyclopentadienyl)zirconlum, le b sltfttre- 
metK^ • dimethyle, le bls(6thylcyclopentadienyl)zirconium - d.methyle ou le 

30 ^r^ 

8 atomes de carbone par molecule. 
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